The orientation behaviour of three different interchanges in the grasshopper Eyprepocnemis plorans is cytologically analysed by means of C-banding. The formation of chiasmata in interstitial regions produces metaphase I configurations different to those described in interchanges lacking such chiasmata, including frequent unbalanced orientations. Cytological evidence of undescribed orientations and segregations is presented. The structural effects of interstitial chiasmata and the validity of the rules governing the orientation of interchanges are discussed.
INTRODUCTION
configurations and to test the validity of the rules proposed as governing the process.
Orientation behaviour of reciprocal translocation interchanges forming chiasmata in interstitial regions has not been as extensively studied as that of interchanges lacking them, so that most of the rules governing the orientation of multiples apply only to the latter type (Rickards, 1983b) .
Chiasma localisation seems to be roughly maintained in the chromosomes involved in translocations. Thus the frequency of interstitial chiasmata depends on the material analysed. In particular, most cytological studies on interchange orientation deal with metaphase I structures showing terminal associations in the multiple and in the bivalents as well. This is the case in rye, cotton, Allium and cockroaches. In Drosophila and mice with a less strict localisation of chiasmata specific meiotic features do not allow an accurate cytogenetic study. Data on orientation behaviour of interstitial chiasmata forming interchanges therefore come mainly from segregation and fertility studies (Zimmering, 1955; de Boer, 1979; de Boer and van Beek, 1982) . These studies have revealed that orientation behaviour of this type of translocations may be different from that of the best known ones.
In this paper we analyse cytologically the orientation behaviour of three different inter- 3), were found in descendants of X-irradiated males. In E.2411 a long (L group) and a medium (M group) chromosomes are involved. Both are unidentifiable in the normal complement but a quantitative difference in the centrometric C-bands of the M pair allowed us to individualise the two interstitial regions. E.1921 is a large interchange involving the longest chromosome of the complement (Li) and one medium (M group) chromosome carrying a thin paracentric C-band in both members of the pair, which again allowed us to differentiate between the two interstitial regions. For the 1921 translocation, several families of carrier individuals were obtained after three generations of backcrossing heterozygous males with standard homozygous females. Metaphase I configurations are studied in 18 males from these families. Testes were dissected in vivo and fixed in aceticacid: ethanol 1: 3. The C-banding staining procedure was that described by Santos and Giráldez (1978) .
RESULTS
Due to the telocentric nature of the chromosomes involved in the interchanges, chains and rings of four chromosomes-the most illuminating configurations for the study of orientation lacking chiasmata in a translocated segment were denominated as type I. When chiasmata in interstitial regions form, the alternate and adjacent 1 orientations become indistinguishable (McClintock, 1945; Burnham, 1956) . There is genetical evidence of the actual occurrence of both (Zimmering, 1955; Burnham, 1956 Burnham, , 1962 Searle etaL, 1971; de Vries, 1983 ) since the respective segregations of markers that they produce are different. Cytologically it is also possible to distinguish between the two types if one is able to identify the four chromosomes in the multipie. This is the case with the type II chains of one of the 1921 carrier males in which the translocated Li member possessed a thick centromeric C-block whilst its homologue (non-translocated Ll)
showed a thinner band (figs 4c and 4e). Consequently, the chain in figure 4e corresponds to adjacent 1 orientation since the translocated Li and the non-translocated M chromosomes orient to the same pole. However due to the indeterminacy introduced by the M centromeres, in type I chains and rings of the same individual it is not possible to differentiate alternate from adjacent 1. In all the three interchanges, type I chains orientate almost invariably in an alternate/adjacent 1 manner ( fig. 4b ). However both type II chains and rings display greater variation giving also 3: 1 (figs 4d and 5a) and adjacent 2 (figs 4c, 4f and 5b) orientations (see tables 1, 2, 3 and 4).
3: 1 unbalanced orientations in type II chains have been cytologically observed in grasshopper interchanges structurally similar to these described here (Carothers, 1931; Sarkar, 1955; Wise and Rickards, 1977) but they never have been reported in rings ( fig. 5a ). In our material, 3:1 rings appear in regions I and/or III can orientate either to the same or to the opposite poles (tables 2, 3 and 4). This variable behaviour also appears when the interstitial chiasma in region I of the 1921 interchange is extremely proximal, lying between the M centromeres and the pericentric C-band ( fig. 5f ). Among the metaphase I cells-carefully selected to be at a late stage-some undetermined orientations were found in which at least one of the centromeres in the multiple was not clearly facing any pole ( fig. 5f ). Although it is difficult to establish a causal relationship, these figures could correspond to the amphitelic divisions found in later meiotic stages as telophase I involving chromosomes similar in size to the short (translocated Li, non-translocated M) and the long (nontranslocated Li, translocated M) members of the interchange ( fig. 5e ). Amphitelic divisions cannot be totally attributed to univalence at metaphase 1 since the frequency of univalents in this phase is negligible, null for long chromosomes, whereas chromatid segregation at telophase is more frequent.
Another type of metaphase I configurations found in the translocations of E.plorans is the tions found in a translocation of the grasshopper Melanoplus by Wise and Rickards (1977) are considered by these authors as alternate/adjacent 1 in which the interstitial chiasma is so close to the centromeres that it makes it difficult to distinguish their mode of orientation. However, the use of C-banding in E.plorans, allowing a more reliable identification of the centromeric regions, rather suggests that the centromeres in the middle of the chain do not co-orient at all. 
DISCUSSION
The idea that the orientation of quadrivalents is based on co-orientation of pairs of centromeres is generally accepted although there has been lately a considerable controversy about the subject since Boussy (1982) proposed a tridimensional interpretation for alternate rings, implying the co-orientation of a given centromere with its two adjacent ones.
Following this rule, if one considers that it is only possible to establish tension forces between centromeres axially aligned (Cochran, 1983; Endrizzi et a!., 1983; Rickards, 1983a) , in some of the configurations of E.plorans interchanges shown here it is difficult to decide which are the pairs of co-orientating centromeres. This is the case with alternate/adjacent 1 type II chains (see fig. 4a ) in which there are several possibilities: (a) each centromere co-orientates with its homologue, hence there should be an axial force between the inner centromeres and an oblique force between the extreme ones. (b) oblique forces are established between each extreme centromere and one of the co-orientating inner pair. In this case it is necessary to propose that each inner centromere is simultaneously co-orientating with its homologue and with one non-homologous extreme centromere. (c) all tension forces-axial or otherwise-originate star-like from an application point that coincides in location with the interstitial chiasma linking the inner centromeres. This point was proposed by Wise and Rickards (1977) and seems to be the most adequate to explain the intermediate configurations ( fig. 4e ) in which neither the extreme centromeres nor the inner ones appear axially oriented.
In this type of interchanges therefore it is necessary to propose either the existence of oblique forces acting in the orientation of that they do not follow the rule of co-orientation by pairs of centromeres. The latter point is best illustrated when the 3: 1 type 11 chains are considered ( fig. 4d ). Here it is clear that the single centromere is co- It is not possible to consider, as Endrizzi et a!. (1983) propose, that each pair of co-orientating centromeres is aligned along a single chromosome spindle fibre axis.
It is noteworthy that in interchanges lacking interstitial chiasmata, both the adjacent 1 in type II chains and the 3: 1 unbalanced orientations are considered unstable, although both configurations are stable in the presence of interstitial chiasmata (see fig. 6 for comparison). Assuming that a multiple is wholly stable if each centromere has at least one other adjacent linked centromere oriented to the opposite pole (Rickards, 1977) , the effect of interstitial chiasmata could be simply to supply new ways of direct linkage between centromeres. In other words, they make adjacent centromeres that would not be so in the absence of such chiasmata. Indeed, a single interstitial chiasma directly interconnects all the centromeres in a multiple of four, allowing chains to orient as adjacent 1 (strictly alternate/adjacent 1) and 3: 1 (fig. 6 ).
The considerable frequency of adjacent 2 chains and/or rings found in the E. plorans interchanges reveals that suppression of the nondisjunction of homologous centromeres by interstitial chiasmata is not a general rule. Nevertheless, there are marked differences in the behaviour of the three translocations. In the A.1 interchange the presence of one chiasma in the short interstitial region I actually precludes adjacent 2 orientation although chains with a single chiasma in the long interstitial region III can orientate in this way (table 1) . Such behaviour can be explained under the hypothesis of Arana et aL (1980 Arana et aL ( , 1982 -the shorter the distance between two centromeres, the higher their probability of co-orientation--if the physical distance between the M9 centromeres is short enough to assure their co-orientation. Using the terminology of Vosselman (1981) , the physical distance between the M9 centromeres is a "coorientation determining distance". Thus, a single chiasma in the long interstitial region III can determine a much longer physical distance between the L centromeres allowing them to migrate, in some cases, to the same pole. Similar results would be expected if we assume that a proximal chiasma in an interstitial region is more effective in maintenance of the "back to back" disposition of the homologous centromeres than a chiasma located closer to the break-point and thus more effective in the pre-orientation processes (Rickards, 1983b) .
On another hand, based on metaphase II segregation combined with fertility studies, de Boer (1979) proposed that an interstitial chiasma extremely proximal to the homologous centromeres precluded their migration to opposite poles, causing them to behave as an unit. Our data do not support such a hypothesis since the M9 centromeres in the A.1 interchange always coorientate in the presence of one chiasma in the interstitial region I. Such a chiasma is unavoidably proximal due to the short length of this region. interchanges show a considerable frequency of adjacent 2 in the presence of chiasmata in the short interstitial regions (tables 2, 3 and 4), It is evident that the "co-orientation determining distance"
varies amongst interchanges or perhaps may never be achieved. In these cases, the distance hypothesis cannot be easily applied, it is possible that in the 1921 and 2411 translocations the distance between non-homologous centromeres is closer to the distance between homologous ones than in other grasshopper interchanges including the A.1. Thus if the relative intercentromeric physical distances have an influence in orientation, as in the Arana et a!, (1980, 1982) hypothesis, this should lead to a higher probability of non-homologous co-orientation. Nevertheless this explanation alone seems inadequate to account for the marked differences in behaviour observed. Other factors may be involved in the process of orientation and these are the subject of further investigations using these translocations.
